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60LAR BATTERItiS CF ThL F•UTURE

M. Koltun, .ngineer

The Draft Program of our party has placed before 6cience
the task of developing methods of converting various forms
of energy, including solar energy, into electrical energy.
Many laboratory collectives are now at work on this prob-
lem. This article is concerned with how to convert helio-
energetics into an independent and important technological
field. Outstandin6 scientists of tne world, including
Frederic Joliot-Curie, feel that helicenergetics will be
put on an equal footing with the s - atauic energy.
But in this connection scientists await further research.
And that-is the subject of this article.

A solar battery is lixe a ma ic wand which giv-s life to cosmdc ships. Intel-

ligent instruments begin to tell man about the secrets of space only after an

electric current is flowing through their Oveins." And the solar battery is respon-

sible for this phenomenon. The direct conversion of Ofree-of-chargew energy of

sunlight into electrical energy more convenient for instruments, the practically

endless lifetiu& of service, the high resistance to every tpe of saocl-all of this

makes solar batteries irreplaceable for flights into outer space and even for many

earthlj eideavors.

..iols r ba.teries already cccupy an important place among the various sLurcos of

electricity. *a-at prospects do they zave for the future? In 19D4 tne "'f4IClerny of
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solar batteries was 6%, while in l9.Qo this figure rose to 1,.4. This efficiency,

which indicates what portion of the sunlight falling on the battery is converted

into electrical current, may be increased even further. However, it does have a

specific theoretical limit. For silicon batteries this is 22%.

Does the design of the solar battery permit us to overcome this limit? Recent

scientific investigations not only answer this question in the affirmative, but

also indicate original design possibilities in this direction. And that is the

subject of this article.

Is silicon the Best?

How should we select the material for a solar battery? To understand this, we

mast acquaint ourselves with yet another characteristic, i.e., the magnitude of the

barier zone of the semiconductor material. This long name is easy enough to under-

stand. It indicates the amount of energy which must be imparted to an electron in

a semiconductor crystal in order to break it away from "its own I atom and be

transferred into a mobile atd excited, but very useful family of free electrons.

"ae want to graphically represent this, we should draw a long empty ditch which

the electron must 'jump across' in order to reach freedom. It is this ditch which

is called the barier zone, and its width aetermine. the amount of energy necessary

to make the electron work for us. This energy is measured in units call electron

volts.

Each electron lc:ving the atom, leaves , rpositive charge in its place, or a

so-called "hole.' The formation of the free electron is the first and mo3t important

moigent in the operation of the solar battery. After this we already have two kinds

of chta'6, positive aend negative, and we need only p.ace them at a sufficient distance

frou. bect. other far tnaeý to reach their poles witnout hindrance. It is clear that

unc trunter the number of free electrons prc'luced, tho higrer will be the efficiency

uf tit tattery.
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Penetrating to the depths of the crystal, portions of the solar energy, i.e.,

quanta, can force the electron to break away from the atom. But there are quanta

with the most varied energies in the solar spectrum. For which of them should the

semiconductor be selected? Naturally it is more advantageous to use the energy of

quanta of the visible part of the spectrum, since they constitute the largest com-

ponentin solar radiation. Calculations indicate that these quanta can be captured

more completely than others by a semiconductor with a berier zohne that has a Owidtho

of 1.5 electron volts.

When the first solar batteries were produced there was no material which could

satisfy this condition better than silicon. But the 'width" of the berier zone cf

silicon is only 1.2 electron volts. In recent years a number of artificially

produced semiconductors have appeared with a barier zonesignificantly closer to tL,

above-indicated theoretical value. These semiconductors have been sie iaermetal-

lic. some of these are, for example, cadmium sulfide, cadmium telluride, indium

phosphide, and others. From sclar Latterits iiude frc•i, taese materials, we can

anticipate an efficiency limit of tih order uf twent -five percer.t. But the increase

in efficiency of three percent does not satisfy these scientists and, of course,

they did not stop at teat point.

1-.ustering the Barier Lone

'me have BiraedY said that it is most convenient to uue the energ, of tho visible

part ol tne sular spectrum for the operation of solar batteries. What effect does

ultraviolet acd infrared radiation havel The former imparts tc electr,,zjs cf a solid

such q ,rent a-.,ount cf encrE, that the:,' ;u;;. rcros3 the bf-rler zone at a very high

velucity, tLey cullide .itn atoos of the crystal lattice Ltnd transtit their energy

to t~li % . i.. t:.e form of hLut. In contrest tu trnis there is et i.ply rict onough

ener• fr•.. i: frnrr. rn,!iatton for the electro, t, ,;ccu1;..:izsh its trip. Trois i,

itielf 1.'•rct.:j ",3 • •c'u e t, x:. rrler t•.'..., ffectivelý utiliize ultroviLlet



radiation it is necessary to expand the barier zone, while for indrared radiation

we -mst substantially decrease its width. These conditions would seem tu be mutually

exclusive but, as it turns out, they can be reconciled.

Shouldn't we use a semiconductor witL a sufficiently wide barier zone appropriate

for ultraviolet quanta, while for the remaining quanta shouldn't we make special

"supports' on which they can rest while crossing the "ditch* of the barier zone?

For the visible radiation we will probably need one 'support" 'in the middle of the

LditchO, for the infrared we will need two at equal distances from the "shores'.

With this "refined" barier zone, all the quanta ý4 11 be useful. The colored insert

shows how 'all roads are open" to the extent that .e "refine" the forbidden zone

in front of the electron. The solar battery made from this improved material has

boon named multitransitional. The role of the "support' will be carried out by

admixtures of various materials, only they usnt be introduced intc the starting

materiel very carefully so that they will "get stuck" at carefully predetermined

levels in the ftrbidden zone.

Calculations indicate that the surface of tuil biattery more cumplutely utilizes

,ini•ht than th; surface of an ordinary battery. The efficiency limit here is

increased to 65%. Only experiment can tell iow.

'Multilevel* Battery

There is yet another idea, the realization of which promises substantial improve-

ment in solar batteries. If the seuiconductcr usinE ultraviolet raiiatiorn is trans-

parent tc visible or infrared rays, then having placed under them a battery vpereting

in theoe still unused reeions of the spectra, we will "squeeze out' a sumll amount

of electricbl energj fro:i. the sun beam. If the lower battery c -nly the

visiblu light tind is transparent to irfrared radiation, th&. we may place even

lower the tnird batter, "being, fed" b, irAtrared rrdiation. Hevir.- systematically

broken dcw:. the jolar stctrum into ýcrts, we ,su tnem; all without excepticn.
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Of course, the future of the multilayer battery depends on the successful

development of new material, but even those semiconductors now known to us enable

us to begin the practical fulfillment of this idea. The following fact well-known

in optics may serve as confirmation. Polished silicon, used in the preparation of

solar batteries which operate in the visible region of the spectrum, lets pass more

than 50% of the infrared radiation. This radiation may be effectively used by

batteries made from germanium.

The calculations made indicated that "the layer pie" of three batteries will

have a theorectical efficiency of 409. Of course there will be difficulties in

practice, but when prospects are so alluring, we must press onI

jli



DISTRIBUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MAJOR AIR COW&ADS Nr. Copies

AFSCSCF'TR 1

ARO 1

HEADQUARTERS USAF ASTIA 10
TD-Bla 3

APCII--3D2  1 rTD-BIb 3
SSD (ssF) 2

OTHER AGENCIES

CIA 1
NSA 2

AID 2

OTS 2

AEC 2

PWB 1
NASA 1
RAV.ID 1

pTD-TT- (2-(72/1 +2+.j 6


